HuR binds to AU-rich element (ARE) containing mRNA to protect them from rapid degradation. Here, we show that knockdown of HuR changes the oncogenic properties of oral cancer cells. Oral squamous cell carcinoma cell lines, HSC-3 and Ca9.22, which express HuR protein and cytoplasmic ARE-mRNA more abundantly than normal cells, were subjected to HuR knockdown. In the HuR-knockdown cancer cells, the cytoplasmic expression of c-fos, c-myc, and COX-2 mRNAs was inhibited compared to those in cells that had been transfected with a control siRNA, and the half-lives of these mRNAs were shorter than those of their counterparts in the control cells. HuR-knockdown cells failed to make colonies in soft-agar, suggesting that the cells had lost their ability for anchorage-independent cell growth. Additionally the motile and invasive activities of the cells decreased remarkably by HuR knockdown.
Introduction

Western blot analysis
Western blot analysis was performed as described previously (33) . The antibodies used were specific to HuR, hnRPNA1 (Santa Cruz), β-actin (SIGMA), β-tubulin (Upstate), cyclin A, cyclinB1, cyclinD1, and Cdk1 (BD Biosciences). The secondary antibody was horseradish peroxidase-conjugated IgG (Jackson ImmunoResearch laboratories).
Quantitative real-time RT-PCR
Total cellular RNA was isolated using TRI reagent (SIGMA) according to the manufacturer's protocol. Selected 2-5μg total RNA, 3μg nuclear or cytoplasmic RNA samples were reverse-transcribed using ReverTra Ace (TOYOBO).
Opti-con2 systems and the DyNAmo HS SYBR green qPCR kit (MJ research) were used for the quantitative RT-PCR as described previously (17) . cDNA was amplified using the following primers: for c-fos:
5'-ccaacctgctgaaggagaag-3', 5'-gctgctgatgctcttgacag-3'; for c-myc:
5'-ctcctggcaaaaggtcagag-3', 5'-tcggttgttgctgatctgtc-3'; for COX-2:
5'-tgagcatctacggtttgctg-3', 5'-tgcttgtctggaacaactgc-3'; for cdk1:
5'-ttcaggatgtgcttatgcagga-3', 5'-agtgacaaaacacaatcccctgtag-3' and for GAPDH: 5'-atcctgggctacactgagca-3', 5'-tgctgtagccaaattcgttg-3'. GAPDH was used for normalization.
To evaluate the half-live of total ARE-mRNA, the cells were treated with 5μg/ml actinomycin D (CALBIOCHEM) for 30, 60, or 90 minutes. Total cellular RNA of each cell was subjected to quantitative real-time RT-PCR.
In situ hybridization
In situ hybridization was modified as described previously (17) . The cells were fixed in cold 4% formaldehyde and permeabilized with cold 0.5% Triton X-100. In situ hybridization was performed overnight at 37℃ with 50μl of a mixture containing 6.25μg tRNA, 25μg of sperm DNA, 2×SSC, 0.2% BSA, 1mM vanadyl ribonucleoside complexes, 50%
formamide, 10% dextran sulfate, and 30ng of 3' digoxigenin-labeled antisense deoxyoligonucleotide probe for c-fos, c-myc, and COX-2 mRNA.
The coverslips were washed three times with 2×SSC at 37℃ and then again with 1×SSC at room temperature. Then, the coverslips were incubated in 4% formaldehyde for 15 min at room temperature and washed 3 times with PBS. The coverslips were incubated for 60 min at room temperature with 1:50 dilution of anti-digoxigenin fluorescein Fab fragments (Roche) with 0.2% Triton X-100/PBS containing 1% BSA and were then washed twice in 0.2% Triton X-100/PBS and twice in PBS.
The probe was complementary to nucleotides 288 to 328 of c-fos, 1693 to 1719 of c-myc, and 1293 to 1336 of COX-2. Nuclei were stained using 4', 6' diamidino, 2-phenylindole (DAPI).
Soft-agar colony formation assay
The anchorage-independent growth of HuR-knockdown cells was estimated by a soft-agar colony formation assay as described (34) .
Single-cell suspensions of 3X10 4 cells were plated per 60-mm culture dish in 3ml of DMEM containing 10% FBS and 0.36% agar on a layer of 5ml of the same medium containing 0.75% agar. Three weeks after plating, the colonies were stained with 0.04% Crystal violet-2% Ethanol in PBS.
Photographs of the stained colonies were taken.
RNP immunoprecipitation (RIP) assay
RIP assay was performed as described previously (17) . Ca9.22 cells were treated with PBS containing 1% formaldehyde and the lysate was immunopricipitated with mouse IgG (BD Biosciences) or anti-HuR antibody. The pellets and supernatants were incubated at 70℃ for 45 min to reverse the cross-links, the isolated RNA was subjected to reverse transcription, and PCR amplification for cdk1, c-myc and GAPDH was performed using the primers as described above.
Wound healing assay 
In vitro invasion assays
BD Biocoat Matrigel Invasion Chambers (BD Biosciences) were used in invasion assays as described (35 
Results
HuR expression and its knockdown in oral cancer cells
The amounts of HuR protein in HSC-3 (human tongue squamous cell carcinoma), Ca9.22 (human gingival squamous cell carcinoma), and HGF (human gingival fibroblasts) were estimated by Western blotting using β-actin as a control. As expected, the expression of HuR protein was about 3 fold higher in the oral cancer cells compared to that in normal cells (Fig. 1A) , indicating that oral cancer cells express HuR at a high level.
In order to examine the effect of HuR in oral cancer cells, we produced
HuR-knockdown oral cancer cells. Although, we attempted to produce stable HuR knockdown cells using pSUPER, which directs the synthesis of small interfering RNAs (siRNA) in mammalian cells (19) , no cells survived. were shorter than those of the control cells (38.9 and 385 minutes respectively). These results indicate that HuR knockdown inhibits the stabilization of ARE-mRNA in oral cancer cells.
HuR knockdown attenuated the ability of the cells to make colonies in soft-agar
To investigate their ability for anchorage-independent growth, one of the most reliable markers of malignant transformation, the HuR-knockdown cancer cells were subjected to soft-agar colony formation assay. Under our experimental conditions, the HSC-3 cells transfected with control siRNA formed a considerable number of colonies after three weeks of incubation (Fig. 5) . In contrast, the HuR-knockdown HSC-3 cells formed very few colonies, even after three weeks incubation. Furthermore, the colony size of the HuR-knockdown HSC-3 cells was smaller than that of the control cells (Fig. 5) . These results suggest that HuR plays an important role in anchorage-independent cancer growth.
Expression of cell cycle-related proteins in HuR-knockdown cancer cells.
In never been associated with GAPDH mRNA (Fig. 7A) . In order to confirm the stabilization of cdk1 mRNA, we examine the accumulation and half-life of the mRNA. The accumulated cdk1 mRNA was reduced and the half-life of the mRNA has been changed from 3.49 h to 1.69 h by HuR knockdown ( Fig. 7B and C) . These data show that HuR has potential to bind to the cdk1 mRNA and stabilize the mRNA in oral cancer cells.
HuR knockdown changes the motile and invasive phenotype of oral cancer cells.
To explore the feature of HuR-knockdown oral cancer cells further, the motile and invasive activity of the cells were examined. For this purpose, we performed wound-healing assays and the wound closure was examined 20 at 12, 24 and 36 h following the treatment. Ca9.22 cells transfected with control siRNA migrated into the wound area by 24 h to an extent that the wound edges were undistinguishable (Fig. 8A) . However, the HuR-knockdown Ca9.22 cells displayed significantly slower wound closure even at 36 h after the scratch, remaining 40% of the wound area ( Fig. 8A and B) .
In order to examine invasive activity, we performed an invasion assay.
Invasion chambers with matrigel-coated membranes were used to investigate the invasive properties of HuR-knockdown oral cancer cells.
The average invasion rate of HuR-knockdown Ca9.22 cells decreased significantly after 24 h compared to that of control siRNA transfected Ca9.22 cells (Fig. 8C ). These data indicate that HuR plays a major role for a motile and invasive activities at least in oral cancer cells.
Discussion
In this report, we demonstrated that HuR knockdown has the potential to whereas, the control siRNA transfected cells made a lot of colonies (Fig. 5) .
Furthermore, HuR-knockdown reduced the motile and invasive phenotype of oral cancer cells (Fig. 8) . Our results strongly suggest that HuR knockdown is able to change the characteristics of oral cancer cells, providing additional evidence for the importance of HuR in cancer malignancy.
HuR knockdown reduced the expression of cell cycle or senescence-related proteins like cyclin A, cyclin B1, cyclin D1, and CDK1.
Since cyclin A, cyclin B1, and cyclin D1 mRNA have been shown as HuR-regulated mRNA (20, 29, 30) , and the level of encoded proteins were reduced in the cells that had been transfected with an anti-sense RNA or siRNA for HuR, the results in the present study are very reasonable. As mentioned above, HuR-knockdown cells could not induce the senescent phenotype, even when normal diploid cells induced senescence under the same experimental conditions (20) . We consider that the cell-cycle arrest, but not senescence, might have been caused in these cells. We suppose that this is the reason why we were unable to produce stable HuR-knockdown cells using pSUPER as mentioned above.
It is noteworthy that the expression of CDK1 was reduced by HuR knockdown. Recently, Cdk1 has been shown to be the only essential cell cycle Cdk, because, in the absence of interphase Cdk, it can execute all the processes that are required to drive cell division (21, 31) , and it is also important for the import of HuR to the nucleus due to its phosphorylation (11) . In G2/M phase, HuR is phosphorylated at residue 202 by CDK1, leading to an increased interaction with 14-3-3 in the nucleus, while unphsphorylated form of HuR exists in the cytoplasm with its target mRNA (11, 32) . We show here that HuR can bind to cdk1 mRNA and stabilize it presumably by exporting the mRNA (Fig. 7) . Therefore, HuR treated in our experiments might be an unphosphorylated HuR at residue 202. HuR will be phosphorylated by a lot of CDK1 translated from the stabilized cdk1 mRNA. Because phosphorylated HuR will become impossible to stabilize cdk1 mRNA by entering the nucleus, the feedback loop might exist in the HuR phosphorylation and the CDK1 synthesis. siRNA were subjected to a soft-agar colony formation assay. Photographs of the stained colonies were taken tree weeks after the transfection (top).
Legends
The effect of HuR knockdown was estimated by Western blot analysis (bottom). 
